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INTELLIGENT COMPRESSOR STRATEGY TO 
SUPPORT HYDROGEN FUELING 

CROSS-REFERENCE 

[0001] This application claims bene?t of priority to US. 
Provisional Application Nos. 60/612,622, and 60/612,625, 
both ?led Sep. 23, 2004. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to a system 
and apparatus for mobile, modular hydrogen vehicle fueling 
systems. More speci?cally, the present invention relates to 
modular vehicle fueling station systems and an intelligent 
compressor strategy and data collection, and station control 
system to support hydrogen vehicle fueling stations. 

BACKGROUND OF THE INVENTION 

[0003] When hydrogen is produced or puri?ed from a 
pipeline supply, and delivered locally to support the fueling 
of hydrogen poWered vehicles, a compressor must be siZed 
to accommodate the mass How and discharge pressure of the 
hydrogen generator, puri?er or local source, at some mul 
tiple of the average hydrogen vehicle demand. Known 
systems, use one multi-stage compressor to take on-site 
hydrogen from the output pressure of the generator to the 
cascading storage pressures required of the vehicle dispens 
ing system. HoWever, for hydrogen vehicle refueling to be 
entirely useful on a larger, commercial scale, locally pro 
duced or puri?ed hydrogen fuel must be manufactured at or 
near the maximum capacity of the production system, stored 
in suf?cient quantities, and then delivered to the point of use 
(the vehicle dispenser) e?iciently, and promptly, at a mass 
?oW rate of from about 20 to about 100 grams per second. 

[0004] Known systems use a compressor to facilitate 
hydrogen fuel manufacture and delivery to the system and 
an end use at a ?xed production rate and capacity that is not 
dependent on, or even related to the demands and require 
ments of the selected end use (eg capacity and How rate, 
etc.). HoWever, one recogniZed problem With the knoWn 
hydrogen fuel manufacturing and delivery systems is that 
the end use demand and requirements are often different 
from the condition and capacity of the manufactured hydro 
gen fuel. That is, While a manufacturing system may be 
designed to produce hydrogen fuel at a ?xed rate, pressure 
and capacity, the end use, or delivery phase of the system has 
very different requirements. The present invention is 
directed to ful?lling the need of a practical and ef?cient 
hydrogen production and delivery system. 

SUMMARY OF THE INVENTION 

[0005] According to one embodiment of the present inven 
tion, a novel modular refueler has been devised to store and 
dispense locally manufactured or delivered hydrogen, pref 
erably to hydrogen-poWered vehicles or portable hydrogen 
containers. According to one embodiment, the present 
invention relates to a method for refueling hydrogen 
vehicles comprising the steps of providing a hydrogen 
source having an output attached to a refueling system and 
directing hydrogen from the hydrogen source at a control 
lable, predetermined and variable rate into the refueling 
system. A compressor is provided in communication With 
the source output With product directed from the source to 
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the ?rst compressor. A cascading processing array is pro 
vided in communication With the refueling system and 
product is directed from the compressor to a cascading 
processing array. A local hydrogen generator or puri?er 
having communication With an inlet to the refueling system 
and having an outlet in communication With a dispenser inlet 
is provided. In one embodiment, an amount of hydrogen 
product is directed from the compressor to a hydrogen 
storage chamber, and then directed from the storage cham 
ber to a dispenser adapted to fuel a hydrogen poWered 
vehicle or portable hydrogen storage system. In another 
embodiment, the hydrogen product is directed to a dispens 
ing unit also serving as a storage unit. 

[0006] The present invention further relates to a method 
for refueling hydrogen vehicles comprising the steps of 
providing a hydrogen source having an output attached to a 
refueling system and directing hydrogen from the hydrogen 
source into the refueling system. A compressor is provided 
in communication With the source output With hydrogen 
being directed from the source to a series of compressors. A 
cascading processing array is provided in communication 
With the refueling system With hydrogen being directed from 
the compressor to a cascading processing array. An amount 
of hydrogen is then directed from the array to a dispenser for 
dispensing the hydrogen product to a hydrogen-poWered 
vehicle. 

[0007] Still further, one embodiment of the present inven 
tion relates to a hydrogen refueling system comprising at 
least tWo compressors With at least one compressor being 
dedicated to maintain required fuel ?oW rates to match the 
requirements of the hydrogen fuel end use. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a schematic representation of a modular, 
transportable hydrogen vehicle fueling station system shoW 
ing compression, cylinder banks and dispensing features. 

[0009] FIG. 2 is a schematic representation of an alternate 
embodiment of the present invention shoWing a modular, 
transportable fueling station for the delivery of manufac 
tured hydrogen to hydrogen fueled vehicles. 

[0010] FIG. 3 is a schematic representation of one 
embodiment of the present invention shoWing an entire 
fueling station system With gas manufacturing With single 
compressor, master station control system, compressed stor 
age systems and delivery capabilities. 

[0011] FIG. 4 is a schematic representation of the present 
invention shoWing an eight cylinder bank for the manage 
ment of compressed hydrogen for dispensing to hydrogen 
fueled vehicles and/or mobile fueling stations. 

[0012] FIG. 5 is a schematic representation of the present 
invention shoWing a four cylinder bank for the management 
of compressed hydrogen storage of locally produced hydro 
gen for dispensing to hydrogen fueled vehicles and/or 
mobile fueling stations 

[0013] FIG. 6 is a schematic representation of one 
embodiment of the present invention shoWing a process How 
diagram of the fuel storage and dispensing features of the 
Intelligent Compression System having multiple compres 
sors and providing fuel for hydrogen fueled vehicles and 
mobile, modular refueling systems. 
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[0014] FIG. 7 is a schematic representation of an embodi 
ment of the present invention showing an eight bank array. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] According to one embodiment, the present inven 
tion is directed to modular hydrogen refuelers comprising 
re?llable modules that can accept, store and dispense manu 
factured, puri?ed, or delivered hydrogen to a desired end 
use, such as hydrogen-poWered vehicles, secondary storage 
facilities, or other uses. The preferred equipment of the 
present invention can be supplied by industry standard 16 to 
45 MPa high purity hydrogen supply modules (tube trailer or 
MCP) and Will preferably compress, store and dispense 25, 
35, 50 or 70 MPa gaseous hydrogen to a fuel cell poWered 
vehicle or internal combustion engine poWered vehicles 
operating on hydrogen fuels. The vehicles may run on pure 
hydrogen, blended hydrogen and compressed natural gas 
mixtures or hydrogen enriched, hydrogenated, or hydrogen 
saturated hydrocarbon fuels, or combinations thereof. The 
preferred base system may be constructed of DOT approved 
steel storage tubes or NGV-HGV approved composite pres 
sure vessels or tubes suitable for hydrogen storage, and can 
be delivered to ?eld (on-site) locations in a ?lled state and 
ready for operation. The base module including the ISO 
style frame and 16 to 95 MPa approved hydrogen storage 
tubes can be con?gured to support a variety of hydrogen 
vehicle fueling projects. 

[0016] As stated above, the present invention is directed to 
ful?lling the need of a practical and ef?cient hydrogen 
production and delivery system. The present invention over 
comes the recogniZed problems With the knoWn hydrogen 
fuel manufacturing and delivery systems Where the end use 
demand and requirements of vehicle fueling are often dif 
ferent from the condition and capacity of the hydrogen fuel 
manufacturing system. That is, While a manufacturing sys 
tem may be designed to produce hydrogen fuel at a ?xed 
rate, pressure and capacity, the end use, or delivery phase of 
the system has very different requirements. The present 
invention solves such compatibility problems by featuring at 
least one additional compressor With system responsibilities 
independent from the ?rst compressor’s responsibilities 
such that the second compressor responds to the end use 
system demands to condition the hydrogen product to match 
the demands and requirements of the particular end use, 
thereby increasing overall system ef?ciency, performance, 
versatility, and usefulness. 

[0017] As shoWn in FIG. 1, the optionally portable (trans 
portable) fueling system of the present invention 10 includes 
50 kg of loW pressure (160 bar) hydrogen storage and up to 
50 kg of high pressure (412 bar) compressed hydrogen 
storage in four (4) banks 12 for dispensing to vehicles at 350 
bar. An option for loW pressure (10 bar) auxiliary hydrogen 
supply is available and this may be used to poWer a 2 Watt 
to 2 kW Fuel Cell or 2 to 200 kW internal combustion 
engine-based poWer supply that can support the mobile 
refueler. Simpli?ed on-board dispensing equipment is stan 
dard for demonstration vehicles With optional commercial 
hydrogen dispensers With full CaFCP or SAE 2601 interface 
compliance available. 

[0018] FIG. 2 shoWs a further embodiment 20 of the 
present invention including system charging valves, and ?ll 

Jun. 8, 2006 

valve manifold and secure ?ll valve manifold lock-out box 
to prevent unauthoriZed access 22. An integrated safety 
relief valve manifold With common discharge to a safe 
location is preferably incorporated. The inventive modular 
refueling system further comprises an multi-stage integrated 
compressor 24. The compressor motor controls suction and 
discharge valve manifold assemblies. A motor control mod 
ule 26 for regulating operation is shoWn along With a closed 
circuit integrated cooling system 28. The storage tube array 
29 is shoWn in a position along the base of the unit, but such 
orientation is not required. Further, the system can be ?lled 
at one site and transported in a ?lled state. 

[0019] FIG. 3 shoWs one embodiment of the present 
invention Where, in a novel hydrogen refueling system 30, 
hydrogen is supplied from an on-site production system 48 
or from pressurized hydrogen processing cylinder banks 
(eg. 200 to 2000 psig) or to a compressor via stainless steel 
tubing and sent to the high pressure (eg 6000 psig) cylinder 
banks at a higher pressure, or, When the required pressure 
has been obtained to support vehicle dispensing, the hydro 
gen is sent to the loW pressure storage 32 to build inventory 
While the generator is operating. Additionally, hydrogen may 
be dispensed via 6000 psig portable cylinder pallet packs for 
delivery to a remote fueling location to be transported under 
pressure (eg. 6000 psig), or a mobile refueler that may be 
self-poWered for delivery of the processed hydrogen fuel to 
a remote use. The hydrogen may be transported or stored 
under any useful pressure, but is shoWn under 6000 psig of 
pressure. As shoWn in FIG. 3, hydrogen is supplied to the 
steel tubes 32 via hydrogen provided by mobile tube 34. The 
hydrogen is directed from tubes 32 to a system compressor 
36 that provides and regulates system delivery demands as 
the hydrogen is directed 1) to a high pressure storage system 
35 and vehicle dispensing system, 2) a further tube array 38 
(6000 psi pallet pack), 3) an alternate mobile refueler or 
other high pressure end use 40 (6000 psi), or 4) to interme 
diate pressure storage via the 200 to 2000 psi tubes 32. The 
entire system may be managed via remote access such as via 
the internet 42 as a controller could activate, regulate or 
otherWise monitor the system remotely, activating the sys 
tem controls 44. The system, as shoWn, further incorporates 
a video capability 46. According to FIG. 3 the system 
contemplates the hydrogen fuel generation as a source via 
electrolyZer 48, but other production means are equally 
applicable. 

[0020] FIG. 4 shoWs one aspect of the hydrogen manu 
facture and delivery system of the present invention 50 
Whereby source hydrogen is directed to the processing 
cylinders (eight (8) are shoWn) that are pressurized and 
conditioned for use in a cascading array. Hydrogen is 
directed from the source directly to, or via a cylinder to a 
compressor 52 that further pressuriZes the hydrogen up to a 
predetermined and desired pressure. Upon demand, pro 
cessed hydrogen of a desired and conditioned usage pressure 
is directed from the cylinder/tube, typically in the order of 
loWest pressure ?rst, to a dispenser 54 properly ?tted With 
dispensing equipment to ?ll a hydrogen-poWered vehicle 56. 

[0021] FIG. 5 shoWs another embodiment 60 of the 
present invention Whereby hydrogen from a mobile supply 
or source 62 is conditioned through a processing cylinder/ 
tube cascading array 64 in concert With a compressor 66 to 
achieve hydrogen fuel at desired pressures. Upon demand, 
the hydrogen fuel is directed from the cylinder array to a 
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dispenser for distribution to a hydrogen-powered vehicle 68, 
via the high pressure hydrogen storage facility 70. When the 
system storage is at capacity, fueling can occur via release 
from storage 70, With the storage then replenished by the 
compressor re?lling the storage 70 With locally generated 
product, or from fuel stored in the cascading array 64. As 
shoWn in FIG. 5, further auxiliary use for hydrogen fuel via 
a separate outlet is further contemplated. 

[0022] FIG. 6 shoWs a further embodiment 80 of the 
present invention Whereby multiple compressors are 
employed in the hydrogen fuel manufacturing system to 
achieve a desired faster ?ll and production rate. According 
to this embodiment of the present invention, a hydrogen 
vehicle refueling system and apparatus 80 are conceived 
comprising a multiple buffer storage system that uses tWo 
single stage compressors that are capable of being operated 
over a Wide range of conditions and can be designed to 
match any hydrogen generation system With any desired 
dispensing requirements. Such “intelligent” compression 
systems can be linked into a local area network of hydrogen 
generation, compression, storage and dispensing modes. 

[0023] In this arrangement, as shoWn in FIG. 6, bank 82 
Will be the loWest pressure bank, and the primary destination 
for product from the generator 81 or storage 83 through the 
?rst compressor 84. Banks 86 and 88 may be charged by the 
?rst compressor 84, or can be pushed to a higher pressure by 
the second compressor 90 pulling product from bank 82. The 
?rst compressor 84 Will be able to charge bank 88, then bank 
86, and ?nally bank 82, but under normal conditions Will 
only operate When the generator 81 is running. First com 
pressor 84 Will only be able to supply a pressure of about 
1500 psig to the banks. The second compressor 90 then 
provides the desired pressure to banks 86 and 88, and can 
charge to the high pressure hydrogen storage chamber 92 or 
the auxiliary storage system (not shoWn) at required and 
desired pressures of up to about 6000 psig (about 450 bar), 
for example. 

[0024] The high pressure hydrogen storage chamber 92 is 
?lled by opening bank valves 94, 96, and 98 and turning on 
the second compressor 90. At this point, bank 86 pressure is 
equalized With the high pressure hydrogen storage chamber 
92 and the second compressor 90 that ?lls the high pressure 
hydrogen storage chamber 92 and bank 86 With the product 
from bank 82. Valve 96 is turned o?‘, and valve 100 is turned 
on. Valve 98 is turned off, and valve 102 is turned on to effect 
bank 88 equaliZing With the high pressure hydrogen storage 
chamber 92 and bank 88 With the product from bank 86. 
Valve 96 is then turned off to effect the second compressor 
90 ?lling the high pressure hydrogen storage chamber 92 
With product from bank 86. If valve 104 is turned on and 
valve 102 turned o?‘, the second compressor 90 ?lls the high 
pressure hydrogen storage chamber 92 With product only 
from bank 88. When the high pressure hydrogen storage 
chamber 92 is full, valve 96 is opened, valve 94 is closed, 
valve 98 is opened and valve 104 is closed to effect the 
second compressor 90 ?lling bank 88 With product from 
bank 82. When bank 3, 88 is ?lled, valve 100 is opened and 
valve 96 is closed to effect the second compressor 90 ?lling 
bank 86 With product from bank 82. When bank 86 is full, 
the second compressor 90 is shut o?‘. As shoWn in FIG. 6, 
the product stored in the high pressure hydrogen storage 
chamber 92 is directed to dispenser 106 for purposes of 
fueling a hydrogen vehicle 108. FIG. 6 further shoWs the 
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ability of the system to ?ll auxiliary storage units (the 450 
bar MCP 110) as Well as mobile refueler 112 (450 bar mobile 
refuelers), or other desired end uses. When necessary, such 
as at times of demand, auxiliary hydrogen may be provided 
(to the system via auxiliary storage), to assist in the hydro 
gen generation. 

[0025] The above arrangement set forth Will result in a 
greater capacity to fuel vehicles, than if only one compressor 
had been used to supply the high pressure hydrogen storage 
system from the local hydrogen generator, liquid hydrogen 
storage, delivered compressed hydrogen or other loW pres 
sure hydrogen sources. The present invention further con 
templates the use of pressure regulators to control vehicle or 
portable pressure vessel ?ll rates such that the pressure rise 
rate is controlled from about 1 to about 10 bar per second 
When equaliZing the stored hydrogen to high pressure por 
table or vehicular hydrogen storage vessels. 

[0026] The portability of the modular refueling systems of 
the present invention provide signi?cant advantages over 
knoWn systems. As hydrogen-fueled, loW emission vehicle 
?eets emerge, the ability to support hydrogen fuel activities 
at a loW cost and With minimal regulatory (permitting) 
efforts With the local and federal permitting authority Will be 
seen as being highly advantageous. The refueling systems of 
the present invention support fuel transfer to hydrogen 
vehicles’ on-board storage system ?lling at pressures from 
about 3000 to 12,000 psig (about 250 to about 700 bar 
settled pressure). The refueling modules of the present 
invention are able to be self-poWered (no need for external 
poWer supply) When the loW pressure hydrogen reserves are 
used to operate PC or ICE poWer supplies operating on 
hydrogen. The present systems can use standard loW pres 
sure hydrogen supply system controls, or loW pressure (9 
bar) hydrogen as a pneumatic operating media controlling 
valve positioning devices and pneumatically operated 
valves. Further, the inventive systems of the present inven 
tion comprise multiple compressor poWer supply options 
such as 1) grid poWer; 2) a 3 phase, 2 to 200 kW hydrogen 
poWered generator system, base on a HzlCE genset or fuel 
cell poWer supply; and 3) HZICE genset With mechanical or 
hydraulic poWer take of (PTO) and direct drive for the 
hydrogen compression system. Still further, the systems of 
the present invention contemplate high manufacturing, stor 
age and dispensing capacity, With direct-to-vehicle dispens 
ing systems for, for example, 350, 500 and 700 bar hydrogen 
vehicle fueling. 

[0027] One critical function of any useful hydrogen 
vehicle fueling station is to deliver hydrogen to the vehicle 
fuel tank at a suf?ciently high ?oW rate of up to from about 
20 to about 100 grams per second, and to achieve about 95 
to about 98% of the design fuel capacity (measured as the 
settled pressure of the fuel tank equilibrated to 150 C.). 
According to the present state of the art, to achieve this, 
hydrogen may be pre-compressed and delivered to the 
vehicle, cascading from a storage bank system, or the 
compressor can be siZed to ?ll the vehicle tank directly. 
When hydrogen is produced or puri?ed locally, a compres 
sor is siZed to accommodate the mass How and discharge 
pressure of the generator or puri?er. Although it is possible 
to use one compressor to take locally generated or puri?ed 
hydrogen from the output pressure of the generator or 
puri?er to the cascading storage pressures required of the 
dispensing system, it has noW been discovered that signi? 
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cant operational advantages are achieved by providing a tWo 
stage compression system With an intermediate bulfer stor 
age. 

[0028] According to the present invention, a hydrogen 
vehicle refueling system and apparatus is conceived com 
prising a multiple of bulfer storage systems that preferably 
uses at least tWo single-stage or multi-stage compressors that 
are capable of being operated independently over a Wide 
range of conditions and can be designed to match any 
hydrogen generation system With any desired and varied 
dispensing requirements. Such “intelligent” compression 
systems can be linked into a local area netWork of hydrogen 
generation, compression, storage and dispensing nodes and 
load sharing systems employed to match local demand With 
local production capacity and trucked in hydrogen supplies. 

[0029] The present invention therefore further contem 
plates the use of the intelligent compressor strategy set forth 
above to match electrolytic hydrogen generation and the 
high pressure hydrogen supplied high pressure storage sys 
tem and hydrogen vehicle fuel dispensing as an integrated, 
packaged system including gas-conditioning, controls and 
cooling systems, etc. The tWo compressor system disclosed 
herein preferably features a primary compression of on-site 
generator hydrogen produced at the rated (net) electrolyZer 
output of about 13.0 N-m3/hr (28 kg/day) With enhanced 
primary compression capacity of up to about 39 N-m3/hr (84 
kg/day), for example, by using an imported compressed 
hydrogen supply. The preferred system further contemplates 
incorporating secondary compression or up to about 450 bar 
at rates up to about 8 kg/hr to accommodate fueling of fuel 
cell vehicles as Well as heavy-duty vehicles poWered by, for 
example, hydrogen internal combustion engines. 

[0030] According to one embodiment, to best support 
on-site hydrogen generation systems, a primary compressor 
is preferably matched to the How rate and discharge pressure 
of the hydrogen generation or puri?cation system. Regard 
less of the operational status of the on-site generation or 
puri?cation system, the secondary compressor can be sup 
plied With compressed hydrogen from loW-pressure bulfer 
storage (or delivered hydrogen) and discharged to high 
pressure storage at elevated mass ?oW rates. According to 
one embodiment of the present invention, When the high 
pressure banks drop beloW an optimum vehicle fueling 
pressure, the secondary compressor is operated to top off the 
high-pressure bulfer. When the hydrogen bulfer storage is 
depleted to a loWer limit to accommodate the operational 
cycle of the production system, the hydrogen production 
unit Will be sWitched from idle to operative and both stages 
of compression Will operate to ?ll the high and loW storage 
bu?fers. 

[0031] As shoWn in FIG. 6, the preferred hydrogen stor 
age banks comprise tube bundles for the compressor system 
having a nominal capacity of from about 20 to about 100 kg 
of hydrogen storage in 160 bar steel tubes or 200 to 450 bar 
composite storage system With a compressor system that 
serves as a loW pressure compressed gas storage bulfer. The 
use of a loW pressure bulfer system operating between 10 
and 250 bar Will alloW the dispenser system high-pressure 
gas storage to be recharged from gas stored in the loW 
pressure buffer without starting the electrolyZer or other 
local hydrogen generation equipment, and Will thus alloW 
for hydrogen production at night When the poWer rates are 

Jun. 8, 2006 

typically loWest. This Will alloW for the requirement to top 
off the 450 bar high-pressure storage system to be indepen 
dent from the operation of the compressor that is siZed to 
match the generator. 

[0032] The ?ll system for the loW-pressure bulfer Will also 
serve as a connection for the auxiliary tube trailer supply that 
Will be used for commissioning and could be used for 
back-up or to otherWise supplement the on-site hydrogen 
generation system. The loW-pressure (100 to 450 bar) stor 
age bulfer can be periodically depleted to alloW the second 
ary compressor to run Without starting the electrolyZer. This 
Will alloW the on-site production system to run as long as 
possible once it starts. The loW-pressure storage bulfer is 
preferably made from DOT approved steel storage tubes, 
that can be periodically inspected With ultrasonic testing 
procedures, or composite vessels that meet NGV or HGV 
speci?cations Further the hydrogen gas storage bulfers can 
be constructed from 250 to 700 bar hydrogen storage system 
commercially available as hydrogen vehicle fuel storage 
vessels, such as those produced by Dynetek Industries 
(Calgary, Alberta, Canada). 

[0033] As set forth in FIG. 6, the system of the present 
invention is contemplated to be linked With necessary con 
trol systems, including intemet based controllers and report 
ing tools, and functions to implement cost-elfective intemet 
based project management tools to provide the maximum 
possible bene?ts on-site, While minimiZing travel, actual 
inspection, etc. Through the use of the Internet coupling With 
the system of the present invention, remote monitoring, 
control, service, dispensing, and other informational func 
tions, including visual link and data acquisition, etc. Will be 
achievable. It is therefore contemplated that the systems of 
the present invention integrate programmable logic control 
lers (PLCs) that Will coordinate the system operation, such 
as compressor operating sequence With the dispenser, high 
pressure storage bulfer and electrolyZer operations, etc. The 
preferred system further incorporates station control systems 
that could feature a local human-machine interface to the 
various components of the system, as Well as the intemet 
Transmission Control Protocol (TCP)/lnternet Protocol (IP) 
linked connection to the local data acquisition, data record 
ing and system utiliZation, and poWer management systems. 
Further, all appropriate safety implementations are contem 
plated as being integrated into the preferred systems of the 
present invention. 

[0034] While one embodiment of the present invention as 
shoWn in FIG. 6 contemplates a tWo compressor system, it 
is understood that a plurality of any number of compressors 
could be used as desired, and as is practical to the demands 
of the particular hydrogen refueling system design. Simi 
larly, the systems of the present invention are in no Way 
limited to a speci?c number of bulfers or storage units, but 
instead may be customiZed as Would become apparent to one 
skilled in the ?eld of gas manufacture and delivery in light 
of the teachings herein. 

[0035] The dispenser made to interface With the system of 
the present invention is preferably a dispenser useful for the 
delivery of hydrogen to vehicles, and therefore any design 
made to safely transfer the hydrogen fuel from a storage 
system to a vehicle tank is contemplated. As shoWn in FIG. 
6, the present invention further contemplates the use of the 
system of the present invention to further ?ll mobile refu 
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eling units capable themselves of storing and dispensing 
hydrogen fuel remotely, or as otherwise desired. In addition, 
the systems of the present invention further contemplate the 
use of the inventive systems described herein to deliver 
product fuel to remote locations, or to ?ll additional storage 
facilities that Will remain on-site, or be moved for use 
remotely. 

[0036] In a further embodiment, the present invention 
contemplates a refueling station physical orientation that 
integrates all or portions of the cascading cylinder/tube array 
and/or the storage facility, for example, into a canopy or 
other overhead structure or other structure located proximate 
to the fuel dispensing island. In this Way, a service station 
type orientation is achieved Whereby the hydrogen-poWered 
vehicle stops for fuel, preferably under a canopy to protect 
the driver and vehicle from sun or inclement Weather. 
HoWever, in this embodiment the canopy serves a multi 
functional role, by also housing components of the hydrogen 
manufacturing and/or storage and/or dispensing system. 

[0037] As With the system shoWn in FIG. 6, it is under 
stood that the intelligent system comprises contemplated 
connection to the internet for purposes of control ?lling and 
dispensing, as Well as monitoring the supply, demand, etc. 
such that the hydrogen generation is shut off in times of loW 
demand, and activated along With the release of supplemen 
tal hydrogen source from storage supply tanks at times of 
high demand. When the system has produced excess hydro 
gen outpacing demand, the hydrogen generation may either 
be stopped or supplemental refuelers can be summoned to 
o?load hydrogen fuel supply for use at remote locations. As 
shoWn, the system has no safety systems running through the 
Internet, although such systems could be adapted. Such 
Internet links Will further facilitate training functions, 
Whereby, video links can display fueling and provide con 
sumption and supply and usage readouts for use by local 
of?cials, safety and transportation departments and other 
suitable agencies, (e.g. ?re and police departments, etc.). 
The hydrogen fuel is preferably dispensed to vehicles 
according to accepted methods SAE 12600 and SAE 12601 
and developing CSA-ANSI standard HGV-l. 

[0038] The present invention therefore further contem 
plates the use of the intelligent compressor strategy set forth 
above to match a local electrolytic hydrogen generation 
system or hydrocarbon fuel processor-based hydrogen pro 
duction system, and the high pressure hydrogen demand 
from the high pressure storage system and hydrogen vehicle 
fuel dispensing as an integrated, packaged system The 
contemplated systems of the present invention include gas 
conditioning, controls and cooling systems, etc. as Would be 
apparent to one of ordinary skill in the ?eld of gas manu 
facturing and delivery in light of the teachings herein. 

[0039] One representative system 120 (70) of the hydro 
gen refueling system according to the present invention is 
set forth in FIG. 7. In this arrangement, bank 1, 122 of the 
eight bank array 122 Will be the loWest pressure bank, and 
the primary destination for product from the generator 124 
through the ?rst compressor 126. Hydrogen storage banks 2 
through 8 (128 through 140 respectively), may be charged 
by the ?rst compressor 126, or can be pushed to a higher 
pressure by the second compressor 142 pulling product from 
bank 1, 122, or any of the loWer pressure banks With bank 
1, 122 being the loWest and bank 8, 140 the highest pressure 
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bank. The ?rst compressor 126 Will be able to charge banks 
sequentially but under normal conditions Will only operate 
When the generator 122 is running. As With knoWn systems, 
the ?rst compressor 126 is only be able “bump up” the 
hydrogen supply in the loWer pressure banks to an interme 
diate pressure, far less than What is needed for dispensing to 
vehicles at a commercially acceptable rate. The second 
compressor 142 then provides the full system pressure to 
banks 2, 128 through banks 8, 140 and may charge directly 
to the vehicle dispenser 144 or to the mobile refueler 146 or 
multi-cylinder packs 148 (86) or other uses, via a future 
connection 150 at required pressures of up to about 6000 
psig (about 450 bar) or higher When fueling 700 bar vehicles 
to about 12,500 psig. 

[0040] The high pressure hydrogen storage system 120 
can thus serve both as an intermediate storage buffer for 
hydrogen being supplied by the ?rst compressor 126 from 
the local hydrogen generation system, and serve as a high 
pressure storage banks that can supply the vehicle dispens 
ing demands and auxiliary high pressure storage systems. 

[0041] As shoWn in FIG. 7, the product stored in the high 
pressure hydrogen storage array 123 may be directed to a 
dispenser 144 for purposes of fueling a hydrogen vehicle 
152. FIG. 7 further shoWs the ability of the system to ?ll 
auxiliary storage units including the 450 bar MCP 148 as 
Well as 450 bar mobile refueller mobile refuelers 146, or 
other uses. When necessary, such as at times of demand, 
auxiliary, backup or supplemental hydrogen may be pro 
vided to the system via auxiliary storage 154, to assist in 
matching the vehicle fueling demand of the capacity of the 
local hydrogen generation system. 

[0042] To best support on-site hydrogen generation sys 
tems, a primary compressor is preferably matched to the 
How rate and discharge pressure of the electrolyZer or 
hydrocarbon fuel processor (hydrogen generation system). 
Regardless of the local hydrogen production unit’s opera 
tional status, the secondary compressor can be supplied by 
loW-pressure buffer compressed hydrogen storage (or deliv 
ered hydrogen) and discharged to high-pressure storage at 
elevated mass ?oW rates. According to one embodiment of 
the present invention, When the high-pressure bank drops 
beloW an optimum vehicle fueling pressure, the secondary 
compressor is operated to top off the high-pressure buffer. 
When the loW-pressure bulfer storage is depleted, the elec 
trolyZer Will be sWitched from idle to operative and both 
stages of compression Will operate to ?ll the high and loW 
storage buffers. 

[0043] According to embodiments of the present inven 
tion, the ?ll system for the loW-pressure bulfer Will also 
serve as a connection for the auxiliary tube trailer supply that 
Will be used for commissioning and could be used for 
back-up or to otherWise supplement the on-site hydrogen 
generation system. The loW-pressure (160 to 250 bar) stor 
age bulfer can be periodically depleted to alloW the second 
ary compressor to run Without starting the electrolyZer. This 
Will alloW the electrolyZer to run as long as possible once it 
starts. The loW-pressure storage buffer is preferably made 
from steel storage tubes, and can be ultrasonically inspected 
and hydrostatically tested. Further the loW-pressure storage 
buffer can be a 250 bar hydrogen storage system composite 
tube fabrication (metal liner With carbon ?ber overWrap) 
commercially available, such as those produced by Dynetek 
Industries (Calgary, Alberta, Canada). 
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[0044] With regard to the modularity of the storage facili 
ties and ?lling the modular units, it is understood that the a 
single compressor system could be used in concert With the 
cascading regimen. However, as presented herein, the tWo 
stage compressor system is preferable, even for this aspect 
of the present invention, for purposes of ef?ciency and full 
utiliZation of the usefulness of the present invention. As 
stated above, it is also understood that any number of 
compressors, in excess of tWo, could be employed. 

[0045] While the present invention has been described in 
terms of What are thought to be preferred embodiments, it is 
understood that the invention is not limited to the embodi 
ments presented, but, instead, the present invention is 
intended to cover various modi?cations and equivalents 
included Within the spirit and scope of the appended claims 
presented herein and eventually presented in subsequently 
?led provisional or utility applications. 

We claim: 
1. A method for refueling hydrogen-poWered vehicles 

comprising the steps of: 

providing a hydrogen source having an output attached to 
a refueling system; 

directing hydrogen from the hydrogen source into the 
refueling system; 

providing a compressor, said compressor in communica 
tion With the source output; 

directing hydrogen from the source to the compressor; 

providing a cascading processing array in communication 
With the refueling system; 

directing hydrogen from the compressor to a cascading 
processing array; 

providing a hydrogen storage generator having an inlet in 
communication With the refueling system and an outlet 
in communication With a dispenser inlet; 

directing an amount of hydrogen from the compressor to 
a hydrogen storage chamber; 

directing an amount of hydrogen from the storage cham 
ber to the dispenser; and 

directing an amount of hydrogen to a hydrogen-poWered 
vehicle inlet at a conditioned pressure and How rate 
selected to match the vehicle inlet demands. 

2. A method for refueling hydrogen vehicles comprising 
the steps of: 

providing a hydrogen source having an output attached to 
a refueling system; 

directing hydrogen from the hydrogen source into the 
refueling system; 

providing a compressor, said compressor in communica 
tion With the source output; 

directing hydrogen from the source to the compressor; 

providing a cascading processing array in communication 
With the refueling system; 

directing hydrogen from the compressor to a cascading 
processing array; 
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directing an amount of hydrogen from the array to a 
dispenser; and 

directing an amount of hydrogen to a hydrogen-poWered 
vehicle. 

3. A system for refueling hydrogen vehicles comprising: 

an on-site hydrogen generator; 

a plurality of compressors With an interposed intermediate 
buffer system; and 

a storage dispensing facility; said system capable of 
dispensing hydrogen at a rate of from about 20 to about 
100 grams per second. 

4. The system of claim 3, Wherein the system has a 
hydrogen production and storage capacity of from about 10 
kg per day up to about 1000 kg per day. 

5. The system of claim 3, Wherein the storage dispensing 
facility maintains hydrogen under pressure of from about 
6000 psi. to about 12,000 psi. 

6. A method for refueling hydrogen vehicles comprising 
the steps of: 

providing a hydrogen generator having an output attached 
to a refueling system; 

manufacturing hydrogen-containing product via the gen 
erator and directing product from the generator into the 
refueling system; 

providing a ?rst compressor, said ?rst compressor in 
communication With the generator output; 

directing hydrogen from the generator to the ?rst com 
pressor; 

providing a cascading processing array in communication 
With the refueling system; 

directing hydrogen from the ?rst compressor to a cascad 
ing processing array; 

providing a second compressor in communication With 
the refueling system; 

directing pre-selected amounts of hydrogen from the 
cascading processing array to the second compressor; 
and 

directing pres suriZed hydrogen from the second compres 
sor to the cascading processing array. 

7. The method according to claim 6, further comprising 
the step of directing pressurized hydrogen from the second 
compressor to a storage unit. 

8. The method of claim 7, further comprising the step of 
directing pressurized hydrogen to a vehicle inlet. 

9. The method of claim 7, Wherein the storage unit is a 
mobile storage unit. 

10. An apparatus 
vehicles comprising: 

for refueling hydro gen-poWered 

a hydrogen generator having an output in communication 
With a refueling system; 

a ?rst compressor in communication With the generator 
output; 

a cascading processing array in communication With the 
refueling system; 

a second compressor in communication With the cascad 
ing array; 
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a dispensing facility in communication With the cascading 
array; and 

wherein the second compressor is controlled to pressurize 
hydrogen Within the refueling system to a pressure that 
enables the refueling system to dispense hydrogen to a 
hydrogen-poWered Vehicle at an optimal delivery pres 
sure and How rate. 

11. The apparatus of claim 10, Wherein the dispensing 
facility releases hydrogen from the apparatus at a rate of 
from about 20 to about 100 grams per second. 

12. The apparatus of claim 10, Wherein the cascading 
processing array has a Vehicle dispensing capacity of from 
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about 10 kg per day up to about 1000 kg per day at pressures 
selected from the group consisting of 25, 35, 50, and 70 
MPa. 

13. The system of claim 10, Wherein the cascading 
processing array maintains hydrogen under pressure of from 
about 3,000 psi. to about 12,000 psi. 

14. The apparatus according to claim 10, Wherein the 
second compressor directs pressurized hydrogen to a hydro 
gen storage unit. 

15. The apparatus according to claim 14, Wherein the 
storage unit is a mobile storage unit. 

* * * * * 


